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ABSTRACT

The objective of this work was to study the functional behavior of Prosopis alba exudate gum (G) as
component of powders rich in antioxidant pigments. For this purpose, the morphological, structural and
chromatic characteristics as well as physical, biological and stability properties of spray dried aqueous
extracts of Hibiscus sabdariffa were evaluated for different ratios of maltodextrin and G, and opportunely
compared with gum arabic (GA). Powders containing G showed low moisture (4.9% ds.), low water
activity (aw<0.3), high solubility (>95 %) and small (~25um) spherical-shaped particles, with a glass
transition temperature (T, =52 °C), similar to those containing GA. Phenolic compounds, naturally
present in G, improved the storage stability of Hibiscus extract pigments co:.*ributing to the preservation
of the antioxidant properties. Results encourage to consider Prosopis a1~ ~xudate gum as a promising
alternative to gum arabic, with the subsequent benefits stemmed (ro..” ~uding value to an underutilized
resource.
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Abbreviations: F-HE (fresh" ..~ ared hibiscus aqueous extract), HE (spray dried hibiscus aqueous
extract), G (Prosopis alba ~xudate gum), GA (gum arabic), MD (maltodextrin), HEMD (Hibiscus extract
with maltodextrin), MDG (Hibiscus extract with maltodextrin and P. alba exudate gum), MDGA
(Hibiscus extract with maltodextrin and gum arabic), T4 (glass transition temperature),RH (relative
humidity), GAE (gallic acid equivalent), ABTS (2,2 azino-bis [3-ethylbenzo-thiazoline-6-sulfonic acid]),
TE (Trolox equivalent), FRAP (ferric reducing ability), TPTZ (2,4,6-Tris[2-pyridyl]-s-triazine), VCE
(vitamin C equivalent), C (croma), h (hue), AE (Total color difference), CIEL*a*b* (Commission
Internationale de I'Eclairage color space), FT-IR (Fourier-transform infrared spectroscopy), ATR

(attenuated total reflectance), Bl (browning index), PC (polymeric color), ANOVA (analysis of variance).



1. Introduction

Prosopis trees are widely dispersed in the arid and semi-arid regions of South America. Like most
leguminous plants, under environmental stress conditions, Prosopis spp. exudes a water-soluble gum.
Particularly, P. alba was recently reported as a promising source of hydrocolloids. The P. alba exudate
gum shows interesting functional properties, as emulsifying [1], and antioxidant [2], which turns G into a
potential food additive. However, there still exist some gaps in the knowledge of the technological
behavior of G, which hinders its utilization on an industrial scale.

Exudate gums are widely used in the food and pharmaceutical industries. Particularly, gum arabic
(GA) has been highly preferred due to its high water solubility, low viscosi, -even at high
concentrations- and excellent emulsifying characteristics [3, 4]. Frene. " GA is combined with
maltodextrin (MD) in aqueous dispersions to build stable, free-fl yw..> 2, and easily dispersible powders by
spray drying, [5, 6]. Despite the usefulness of GA, there has »een 1n increasingly growing demand for
new, low-cost, and locally available alternatives. Therebv, ceverar unconventional exudate gums have
been recently explored for many applications and pr sce.~2% such as spray drying [7-9].

Hibiscus sabdariffa L. is widely grown ir tror.cal and subtropical areas of both hemispheres [10, 11].
In many countries, Hibiscus calyxes, alsc *nown as “Roselle” or “Jamaica”, are used to prepare slightly
astringent and sour aqueous infusions, v ni-i. »7e consumed as hot or cold beverages [12]. The aqueous
extracts of H. sabdariffa exhibit int~ ‘estn. antibacterial, antioxidant, nephro- and hepatic-protective,
renal, diuretic, antidiabetic and ~nti- “vpertensive effects, as well as benefits on lipid metabolism (anti-
cholesterol), among others '8y, *7]. Most of these health-beneficial properties were attributed to the
presence of phenolic un. aryiuc acids, flavonoids, and anthocyanins, which also impart unique
chromatic properties [9]. wue to this facts, Hibiscus extract constitutes a very interesting source of
nutraceutical compounds, providing health benefits along with attractive red to violet colors [11].
However, preserving the bioactivity and functionality of Hibiscus antioxidant pigments requires
addressing specific strategies to achieve stability against adverse environmental conditions (light, oxygen,
moisture, and high temperatures) [14].

Dehydration by spray drying is still the best option to stabilize biologically active plant substances,
due to its simplicity [15], low cost, relative speed of this process [10], one-step continuous process, and
easy scaling [16]. As stated by Shamaei et al. [17], producing powders with high quality, low water

activity, and good shelf-life by spray drying implies four main steps (i) selecting drying agents, (ii)



preparing emulsion or slurries containing oils, antioxidants, bioactive phenolics, etc., (iii) feeding the
mixture into a drying chamber through a nozzle, and (iv) collect and air-tightening the powder obtained.
In most cases the addition of drying agents or carriers is necessary to improve the physical and chemical
properties of the dehydrated substances [6, 18]. A wide variety of biopolymers such as proteins (whey
proteins, caseins, etc.), carbohydrates (starch, maltodextrin, among others) and gums has been used as
carriers [4]. As expected, the nature of the drying agents and composition of the spray dryer feed mixture
strongly influence the quality of the obtained particles and determine the final products application [3,
19]. To contextualize the originality of present work, most of the recent studies related to obtaining
functional ingredients rich in antioxidants and pigments from Hibiscus se" dariffa extracts through drying
or gelation are summarized in Table 1. With this background, the aim f thi. work was to assess the
functional behavior of P. alba exudate gum as pigment and bioacti ‘e ini redient in spray dried powders of
aqueous Hibiscus sabdariffa extract. Physical, morphological = nlgical, functional, and stability aspects
of the obtained powders were explored for different gum-ma'to. ~xtrin ratios and eventually compared
with gum arabic.

Tau's 1)

2. Materials and methods
2.1. Materials

Dehydrated Hibiscus sabdan.“a calyxes were commercially acquired in a market in Mexico City.
Hibiscus sabdariffa was c¢10se.» because of its high concentration of anthocyanins among other sensitive
bioactive compounds [10,. Prosopis alba exudate gum (G) from the northeast region of Argentina was
purified and freeze-dried as described previously [1]. Gum arabic (GA) from Acacia trees was purchased
from Sigma-Aldrich Corporation (St Louis, MO, USA), and Maltodextrin (DE=20) was acquired from CPI
Ingredients S.A. de C.V. (State of México, México). Folin—Ciocalteu reagent, 2,2-azinobis-3-
ethylbenzotiazoline-6-sulfonic acid (ABTS), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), Gallic acid, Trolox
and ascorbic acid (Vitamin C), were purchased from Sigma-Aldrich Corporation (St Louis, MO, USA). All

the other reactants were of analytical degree, commercially available, and used as received.

2.2. Preparation of Hibiscus extract and feeding mixtures



Hibiscus extract (F-HE) was prepared according to the optimized extraction method proposed by
Sindi, Marshall, and Morgan [20]. Briefly, Hibiscus calyxes were subjected to decoction in boiling water
in a 1:10 ratio for 10 min. After cooling down, the extract was filtered through a Whatman No.1 filter
with help of a Buchner funnel. For each drying batch, 50 g of a carrier blend were dispersed in 2000 mL
of recently prepared extracts (6.4 % ds.) and subjected to mild stirring at least for 60 min under to ease
the complete dispersion of hydrocolloids.

Different carrier blends with maltodextrin (MD) and Prosopis alba exudate gum (G) were prepared:
100% MD (HEMD), 95% MD + 5% G (MDGL1), 85% MD + 15% G (MDG2), 70% MD + 30% G
(MDG3). Additionally, a formulation containing gum arabic (GA) at inte. nediate gum concentration was
prepared: 85% MD + 15% GA (MDGAZ2). In all formulations, the fine soli’ content was 8.8 g solids/100
mL. Feeding mixtures were maintained overnight at room tempera ‘re ad protected from light, to allow
the biopolymer hydration before spray drying. For comparati* . nui~9ses, a Hibiscus aqueous extract with

no carriers (HE) was dried as a blank formulation.

2.3. Spray drying

A pilot-scale spray dryer (Mobile Mir.~r 2000, GEA, Denmark) was used. Feeding suspensions were
introduced using a peristaltic pump (We sc. “arlow 520S, USA) at a feed flow rate of 12 rpm. The inlet
temperature was 180 + 3 °C, and th» outi.* air temperature was 80 + 1 °C. Suspensions were pulverized
in a co-current two-fluid nozzle <ys.~m setting the air pressure at 0.8 Bar. The collection of coarse and
fine particles was performer in . ~yclone equipped with a collection vessel. Samples were recovered in

opaque and hermeticci s «d stored in a desiccator at 25 °C until further analysis.

2.4. Examination of physicochemical properties of powders

2.4.1. Moisture and water activity

The moisture of powders was gravimetrically determined at 105 °C until constant weight. The
moisture was expressed as g of water/100 g of dry solids (% ds.). The water activity (aw) of powders was

measured using a water activity meter AqualLab (Pullman WA, USA) at 25 °C.

2.4.2. Hygroscopicity, wettability and solubility



Hygroscopicity was evaluated according to do Valle Calomeni et al. [21] with some madifications.
Briefly, 0.1 g of powder was placed in glass vials and incubated for 7 days under controlled conditions
(relative humidity of 75 % and 25 + 1 °C). The hygroscopicity of samples was determined by measuring
the water adsorbed after 7 days. Results were expressed as g of adsorbed water/ 100 g of dry solids (%
ds.).

The wettability of samples was determined based on estimating the time (s) required to immerse 1 g of
powder on a surface of 400 mL of distilled water at 25 °C [19].

The solubility was evaluated according to the method proposed by do Valle Calomeni et al. [21] with
slight modifications. About 0.5 g of powder was added to 50 mL of disti: -4 water and stirred by a
magnetic stirrer for 5 min at 25 °C. Then, the mixture was centrifuged at 350 g for 5 min. An aliquot of
25 mL of the supernatant was dried at 105 °C, until constant weigl *. Th n, the solubility (%) was

calculated using Eq. (1):

Solubility(%) = (A/B) * 100% (1)

Where A is the weight of dry solids in superrata, * and B is the weight of the dry powder (g) used to

prepare the solution.

2.4.3. Glass transition temperature

The glass transition temperatu: = (T4, of samples was determined by DSC (differential scanning
calorimetry) (Mettler TA 406 Co'umbus, Ohio, USA). About 5 mg of sample was heated on a 40 uL
aluminium pan (Mettl~+) t,"m - 80 to 100 °C (dynamic method) at a rate of 10 °C min%. An empty pan
was used as a reference. T~ wnas recorded as the onset temperature at which a change in baseline of the
curve of heat flow versus temperature was determined. T4 was explored in samples equilibrated at 11 %

RH.

2.4.4. Particle morphology and size distribution analysis

Morphology of microparticles was evaluated with a scanning electron microscope LSM 710 NLO
(Carl Zeiss, Germany) equipped with a field emission gun, detector InLes and a third generation column
GEMINI®. Powder samples were mounted on a specimen holder using double adhesive tape and coated

with a thin layer of gold under vacuum. Images were collected at 500x, 1000x and 2500x. The mean



particle size (evaluated as particle diameter) and shape parameters of powder were performed by laser
diffraction in a CILAS 1090 ExpertShape (La Source, Orleans Cedex, France). The results of the analysis
of 12002000 particles from each sample were expressed as the punctual estimation of the measurements

using the method of moments with an estimation of the geometric distribution.

2.5. Bioactive compounds, antioxidant capacity, and chromatic properties

About 100 to 150 mg of spray dried samples were dispersed in 10 mL of double distilled water and
were left standing at least 15 min at room temperature to complete the hydration and dissolution and kept
in dark until analysis.

Total phenolic content was evaluated using the Folin-Cicolteau met.~d as described by Shen et al.
[22]. Phenolic compounds were quantified as gallic acid equival.nt C *.=/mg HE ds., using the calibration
curve y=7.785x (R?=0.99).

Total monomeric anthocyanins were measured throunh “ne ph differential method, according to
Giusti and Wrolstad [23]. Pigment content was detei mu.~> from absorbance measured at Amax= 520 nm,
and using the molecular weight and molar ex* nctir n coefficient of cyanidin-3-glucoside (MW=449.2
g/mol; £€=26,900 L/mol-cm), and water a< “lank. Trien, the results were expressed as mg cyanidin-3-O-
glucoside equivalent/mg HE ds.

The antioxidant capacity was ar=lyze. in terms of ABTS.* radical scavenging activity [24]. For this
purpose, 7 mM of ABTS-* solu*ion *as prepared by dissolving 2,2 azino-bis (3-ethylbenzo-thiazoline-6-
sulfonic acid), (ABTS-*) in ? 5, " { potassium persulfate and kept overnight in the darkness at room
temperature. The AB” > * rai.al solution was mixed up with double distilled water to obtain an
absorbance of 0.70 £ 0.2 a. 754 nm. After each trial, 3 mL of ABTS-*solution was added to the glass cell
and the absorbance (Ag) was measured. Then, 20 pL of sample solutions were added. Absorbance was
monitored through time and the kinetic profile was fitted to one phase decay model to obtain the

absorbance at equilibrium (As). Then, the percentage of inhibition was calculated using Eq. (2):

%61 = L% 1009 @)

0

The antioxidant capacity was calculated using a Trolox standard curve y=1.09-10°x (R?=0.99). Where
x is the concentration of Trolox (mmol/mL). The results were expressed as mmol Trolox equivalent

TE/100 g HE ds.



On the other hand, the ferric reducing ability of samples was assessed. Briefly, 3 ml of freshly
prepared FRAP reagent (300 mM acetate buffer pH 3.6, 10 mM TPTZ in 40 mM HCI and 20 mM FeCls;
at a ratio of 10:1:1) were added to 0.1 ml of sample or standard. Absorbance was read at 593 nm for 10
min and the decay profile was fitted to a second-order phase model to obtain the value of absorbance at
equilibrium. Ascorbic acid solutions ranging from 0.6 to 150 mg/ml were used to create a calibration
curve. The results were expressed as milligrams of vitamin C equivalent antioxidant capacity (VCE) per
100 g HE ds.

For comparative purposes, both the measurements of bioactive compounds and the antioxidant
capacity were expressed in terms of the HE dry solids in order to avoid t1, effect of “dilution by blend”

[25]. Thus, the mass of formulated powders was corrected considering the t action of HE.

2.5.1.  Analysis of color properties

Color parameters were evaluated in dry (by reflectance) and in reconstituted (by transmittance) forms
using an Evolution 600 UV-Vis Spectrophotometer Th. .0 scientific, Waltham, USA). Solid samples
were placed in glass plates with the same trar .pare acy. The color measurements were performed with a
DRA-EV-600 Diffuse Reflectance Acces.~ry (Thermo scientific, Waltham, USA) over the 220 - 850 nm
spectrum at a 2° observation angle with 1 = illuminant. On the other hand, liquid samples were
prepared by diluting the powder in Ayubn, distilled water reaching the same Hibiscus solid extract (1 %
w/v). Samples were hydrated, ¢ *nt1, “1ged, filtered through a 0.45 pm filter, and placed in a 1 cm path
length glass cuvette. Color r=ra..>~ers of solids and liquids were obtained over the 300 - 800 nm
spectrum with VISIC.v. e L lorCalc Software (ascanis OHG, Uberlingen, Germany). The color
parameters chroma (C), hue (h) and the total color difference AE were calculated according to Egs. (3),

(4), and (5):

C=+(@a)?+(b)? ®)

h=tan™?! (b—*) 4)

a*

AE = J(L' = Lp)? + (a* — ap)? + (b* — by)? )

Where L* (lightness), a* (redness/greenness) and b* (yellowness/blueness) are CIEL*a*b*
coordinates. Subscript 0 indicates the control sample. For liquid/ reconstituted samples, the control was

the freshly prepared extract (F-HE). For powders, the control was the extract with no carriers (HE).



2.6. Fourier-transform infrared spectroscopy

Fourier-transform infrared spectroscopy (FT-IR) measurements were performed in an FT-IR
NICOLET iS5 (Thermo Scientific, Madison, USA). Individual components and obtained powders were
studied by a single-bounce NICOLET iD3 ATR system (Thermo Scientific, Madison, USA) of ZnSe
crystal and with an incident angle of 45 °. The spectra of samples were obtained by taking an average of
16 scans at a resolution of 4 cm™*. The spectra were acquired between 600 and 4000 cm™*. Spectral

analysis was performed using the Thermo Scientific OMNIC software (Madison, WI, USA).

2.7. Storage stability of spray dried powders

Dehydrated samples were stored with and without exposure .~ light for 60 days at25+ 1 °Cin a
controlled temperature chamber. For storage under light, pov. lers were spread in hermetically sealed
glass petri dishes (55 mm x 10 mm) with the same trar.p. rency, size and headspace. A 12 W daylight
LED lamp (OSRAM, China) was used, and the lum..~ous Tlux' per unit area of 3500 + 10 Ix was
determined by a digital light meter Cem dt-1521 / shenzhen, China). For storage in darkness, samples
were kept in the same chamber, in identicai lass petri dishes but covered with aluminum foils. The
stability of powder was assessed in terms f 12tal monomeric anthocyanins and antioxidant capacity
(ABTS-*). Complementarily, the piy.~ent deterioration was evaluated by measuring the Browning index

(BI) and the Polymeric color (PC, as described in [23].

2.8. Statistical analys..

Data were reported as mean + standard deviation. Experiments and analytical measurements were
carried out in triplicate. Measurements uncertainty was calculated based on the standard deviation of the
mean with a coverage factor k=2. One-way ANOVA with Tukey post-test were performed to determine
the significant differences among formulations. Stability studies involving light/darkness and sample
formulation, and their interaction, as sources of variation, were analyzed by two-way ANOVA. The level
of significance was defined at P>0.05 (interval of confidence of 95%). All statistical analysis and
experimental data fitting were performed through GraphPad Version 4 (GraphPad, Software Inc., San

Diego, CA, USA).



3. Result and discussion

3.1. Effect of wall material composition on physical properties

At studied conditions, drying yield varied between 60 and 70 %, and this was similar to previously
reported for spray dried hibiscus extracts [4]. Table 2 shows the moisture and ay of recently obtained
powders.

The spray dried extract (HE) without any drying additive agents, presented the highest water content
due to the highly hygroscopic low molecular weight compounds (sugars and organic acids) extracted by
decoction from Hibiscus tissues [26]. Samples containing MD and gum - hawed lower water content
(P<0.05) than the control. As previously reported, MD efficiently redu .es . e water affinity decreasing
the moisture retention in powders [21]. Despite both gums did not :xer. significant effects on moisture
respect to HEMD system, a slight difference between samples co. *aining G or GA was observed. MDG2
showed slightly higher moisture than MDGAZ2, and this was 1.'=*:d to the higher protein content of G
(13.8 % ds.) compared to GA (1.37 % ds.) [2]. Accorc ine ¢ Karrar et al. [19], spray dried powders
containing proteins show higher moisture than th~se cantaining only carbohydrates. This author related
the high water holding capacity with the presen. - of proteins in an amorphous state. In addition, aw values
were also different among the obtained powu s and varied proportionally with moisture. In all cases, the
aw values were lower than 0.3, indicating . 0,0d stability against microbial growth or physicochemical
changes [5, 19].

As it is well known, the tyoe o, ~arrier and microstructure of particles determine most of the powders-
solvent interaction proper! s a d, consequently, their resultant functional properties [19]. In this sense,
Table 2 shows the hygroscu 7icity, wettability, and solubility values determined for the examined samples.
The composition of the powder affected significantly the hygroscopicity (P<0.05). HE presented the
highest tendency to adsorb water meisture from the environment during storage for 7-day at 75 % RH. In
the presence of MD, a significant decrease in water adsorption was noticed for HE, with no marked
differences observed for formulations containing G or GA. The lower hygroscopicity, the lower the
susceptibility to undergo undesirable physical changes (aggregation, caking problems, or stickiness)
during shelf life [5], thus, powders with low hygroscopicity may have benefits for handling and storage.

Wettability measures the ease of particle penetration in water. It depends on several physical (size,
density, porosity) and compositional (presence of hydrophilic groups, molecular interactions, moisture)

properties [6]. As shown in Table 2, the obtained powders showed different wettability values. MD
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reduced the time required for HE particles immersion in the solvent, while increasing G proportion
resulted in longer times. Comparatively, MDG2 presented lower wettability than MDGAZ2. Despite this,
observed wettability values were comparable to those reported by other spray dried Hibiscus formulations
(285765 s) [19].

Solubility is the last step in the particle dissolution process and it constitutes a decisive aspect in the
functional quality assessment of powders. All the studied formulations showed good solubility (> 95 %)
[19]. Although no marked differences were found for most of the studied systems, a slight increase in
solubility was observed for those samples containing the highest amount of G (MDG3) respect to the dry
extract (HE). This could indicate that G slightly improved the dispersion . d dissolution capacity of the
dehydrated extract.

Solvent-interaction properties could be interpreted considering ‘he p. rticle size distribution. In all
cases, size distribution was monomodal and mesokurtic, exce=. for *1DGAZ2 (leptokurtic). In the absence
of drying agents, HE showed the highest mean particle diam~te, ‘Table 2), while it was markedly reduced
when MD was added. HEMD mean diameter was higt er thi n values reported by Diaz-Bandera et al. [27]
for Roselle-MD powders (7 um) containing an .x. act->arrier ratio of 1:1, which is different from the
relation used in this study (2.5:1).

The studied gums influenced the parti~'a si.2. The higher proportion of G in the carrier mixture, the
lower the particle diameter. As indic7... 1 b, Jo Valle Calomeni, et al. [21], MD increases feed viscosity,
resulting in larger average particl>: at h.gh concentrations. Thus, increasing G with relative reduction of
MD in the carrier mixtures m.‘/ conwribute to explain the lower size of particles observed. Comparatively,
the composite formulatior.* con aining GA (MDGAZ2) resulted in markedly bigger particles than G
(MDG2). As indicated by 0 : Moura et al. [12], while larger-sized microparticles generally provide better
protection than smaller ones, the smallest may result in better functionality. In this case, the lowest mean
size of MDG3 could explain the improved solubility (Table 2).

Micrographs of powders obtained by spray drying are shown in Figure 1. In the absence of carrier
agents, HE was observed as a continuous net with interparticle bridge formation. Cano-Chauca,
Stringheta, Ramos, and Cal-Vidal [28] observed similar formations with large, amorphous, piled-up and
strongly bounded particles at the exit of the spray dryer. These authors correlated those microstructural

properties with high stickiness and cohesive forces among particles.
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Both MD and gums allowed obtaining discrete, heterogeneous size and spherical-shaped particles. In
fact, the sphericity factor obtained by morphological analysis was higher for formulated powders (0.66 -
0.68) than for HE (0.47). Consistent with our observations, Navidad-Murrieta et al. [6] also reported
smooth surfaces when MD and GA were used as carrier agents. Similar to this study, particles showed
concavities with wrinkles but without breaks or fissures. The corrugated appearance was previously
attributed to shrinkage due to the fast water evaporation in the spray drying process, while wrinkles
evidence the slow formation of a cover film when droplets are atomized [13]. Regardless of the presence,
ratio, or type of gum, SEM evidenced a slight particle agglomeration in all formulations. Navidad-
Murrieta et al. [6], who also studied the spray-drying of Hibiscus sabdar” + extracts with MD and GA,
attributed this effect to the high outlet temperatures, which might caus ' adh: rence among particles,
especially when they retained high moisture and have low glass tre nsitic 1 temperatures

Collapse, agglomeration and stickiness, among other strur’.-a1 (hanges, occur when amorphous
materials change from a very viscous glassy state to a rubbery (. oercooled liquid) state due to being
subjected to storage temperatures near o above the gla s “rai sition temperature (Tg). Thus, Tgis an
indicator of stability during long-term storage. "« v *pei. s on moisture content, chemical structure and
molecular weight of materials [19]. To explore ti.. impact of powder composition on glass transition, Ty
was assessed by DSC in samples equilibr~*ad .* the same relative humidity (11 % RH) (Table 2).

The dried extract (HE) showed th. nw.ic Tq value, whilst MD increased it markedly (P<0.05). The
presence of gums did not modify - ignin.zantly the T, of the formulations containing MD, except for those
samples with the highest prof. ~rtior of G. The slight reduction in Tyvalue in MDG3 could be attributed to
the higher moisture retenti n, e' en at the same a,, or RH. MD and GA have been commonly used to
increase the Ty of dehydratr J natural extracts due to their high molecular weight [19]. In this study, no
significant differences were found between G and GA, indicating that both gums similarly affect spray

dried extract physical stability.

3.2. Bioactive compounds and antioxidant capacity

Table 3 shows the bioactive compounds and the antioxidant capacity of the obtained spray dried
powders. Data from a freshly prepared aqueous extract (F-HE) was included for comparative purposes. In
all cases, the results were expressed based on HE total dry solids, even in those formulations containing

carrier agents as indicated in section 2.5.
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In all cases, the spray dried samples showed an increased content of anthocyanins, polyphenols, and
antioxidant capacity, regarding freshly prepared extract. This increase may be explained considering the
thermally induced release of antioxidant compounds from insoluble forms (bounded to proteins, fibers or
cell components) which remain in the decoction medium [29]. The exposure to hot air stream [3] along
with the acidity of the medium (pH = 2.3 £ 0.1) may promote the hydrolysis and release of Hibiscus
bioactive compounds [6].

Although direct comparisons between freshly prepared Hibiscus extract and spray dried powders were
neglected or scarcely discussed in similar published works, interesting increases in bioactive compounds
and/or antioxidant capacity were found. For instance, in Cid-Ortega et al. '4], Hibiscus ethanolic extract
showed 5.6 mg cyanidin-3-O-glucoside /g ds., and 41 mg GAE/g ds., \ thich increased after spray drying
to 6.6 mg cyanidin-3-O-glucoside /g ds., and 49 mg GAE/g ds., recnecti 'ely. Similarly, Ochoa-Velasco et
al. [9] observed an increase in the antioxidant activity compar:..> h,dro-alcoholic Hibiscus extract (28
mmol Trolox/100 g ds.) with spray dried powders (44 mmol Tr.'9x/100 g ds.). These authors attributed
these results to the generation of pores in powder durii a spry drying, which improved the extraction
process and dissolution.

Among the obtained spray dried samples, the ~amposite formulations showed a lower proportion of
bioactive compounds and antioxidant car-~ity *han HE, but no significant differences between the
different carriers studied were observ..' (1 .Lle 3). Most of previous works also report a marked reduction
in the phenolic or anthocyanin cctent s the proportion of carrier mixture increased [4, 9]. After ruling
out the effect of dilution by b:~nd, 11.e bioactive reduction observed in this work was explained
considering the thermally nduc :d interactions among Hibiscus extract and excipients, which may
hindered the extractability i 1 aqueous media. Consistent with our observations, Diaz-Bandera et al. [27]
studied the release mechanisms of Hibiscus polyphenols from spray dried powders with different carrier
agents (proteins and polysaccharides) and reported that all carriers, even at maximum release equilibrium,
retained polyphenols in different extent. Ochoa-Velasco et al. [9] justified similar observations in terms of
powder microstructure. These authors proposed that high concentrations of the carrier (mesquite gum)
could create a crystalline surface that decreases the extractability of bioactive compounds. Similarly,
Navidad-Murrieta et al. [6] reported that carrier agents interact with phenolic compounds reducing the

hydroxyl groups available to react with radicals, which decreases the antioxidant capacity of samples.
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In this study, phenolic compounds ranged from 34 to 41 mg GAE/g HE ds. being these values slightly
higher than those previously reported for spray dried Hibiscus sabdariffa composite powders, which
varied between 7.2 to 9.8 mg/GAE g ds. [27], 7.1 to 32.1 mg/GAE g ds. [6] or 23 to 38 mg/GAE g ds. [4].
Similarly, total monomeric anthocyanin varying between 15 and 17 mg/g HE ds., were higher than
previously reported values for formulated Hibiscus spray dried powders, which ranged between 3.3 to 5.4
mg/g powder ds. [4], or 3.0 to 3.4 mg/g ds. [9]. Differences found in this work could be attributed to the
Hibiscus variety, particle size, type of solvent for extraction, ratio sample: solvent, time and method of
extraction, as well as the spray drying conditions, and formulation, among others.

As expected, a significant correlation between bioactive compound cu tent and antioxidant activity
was observed. Correlation coefficients were slightly higher for phenol: ~ cor pounds, measured with
ABTS*- (r?=0.99) and FRAP (r?=0.97), than for monomeric anthoc vanit s (r?=0.96 and 0.93), which could
indicate that the antioxidant properties of studied systems wer_ ~av_rned principally by phenolic
compounds, than by anthocyanins. As previously reported for k. oniscus extracts, the radical quenching
capacity and the chelating activity have been attribute. r.ai ly to flavonoids (catechin and quercetin),
phenolic acids (gallic and chlorogenic acids), t7.11.1s «.>9 anthocyanins [6]. Despite the phenolic content
of G was reported higher (9.55 mg GAE/g gum u. ) than that of GA (1.76 mg GAE/g gum ds.) [2], the
low proportion of gum in the powder forrtla.. ~n may result in an unnoticeable contribution to phenolic

content as well as to the antioxidant r.cnei ZZes.

3.3. Chromatic attributes *n dry: and reconstituted forms

In addition to anticide~t properties and related potential health-promoting benefits, rich in
anthocyanin Hibiscus aquer us extracts also impart beautiful colorations, and color becomes a relevant
quality parameter [30]. Chromatic properties were assessed both in powdered and in reconstituted form
(Table 3). Both, powder compositions and the physical state (solid or aqueous), modified the chromatic
properties of the studied systems (P<0.05). Dissolution of samples accounted for 91 % of the total
variance, indicating that dispersion in water induced the deepest changes in color attributes (Figure 2).
Reconstituted samples showed lower luminosity but higher redness (a*), yellowness (b*), hue, and
chroma than powders. Ochoa-Velasco et al. [9] who evaluated the chromatic attributes of spray dried and

reconstituted Hibiscus extracts containing mesquite gum as a carrier agent reported similar changes.
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In dehydrated systems, HE showed the lowest L* value in agreement with the visually perceived
dark color (Figure 2). Higher lightness in formulated samples was attributed to the contribution of whitish
maltodextrin as reported by Cid-Ortega et al. [4]. MDGAZ2 showed a further increase in L* value. The
highest luminosity in samples containing GA concerning those containing G, was attributed to the fact
that gum arabic is clearer (L*=94.3) than purified G (L*=83.6) [2]. Because of its dark color, G
minimized the impact on color change of deep colored samples [9]. Formulated powders showed a higher
a* than HE, and this was more noticeable for samples containing GA. Regardless subtle changes in b*, all
samples kept in the red-yellow range (0 to 90°) of hue angle. The increase in chroma, indicating brighter
and pure colors, could be related with the increase in luminosity of the sa. ‘oles, and could imply a
positive attribute for a food powder [12]. Among dehydrated samples, MDC A2 showed the highest total
color difference (AE) from spray dried HE.

In reconstituted systems, the color changes according to %>~ tv 'mulation followed a similar trend to
that observed in dry. The chromatic attributes of aqueous sarpi. < were assessed also in freshly prepared
Hibiscus aqueous extract (F-HE). F-HE evaluated at tf < .an e total solid HE concentration, showed a
brighter red color, which was visually different «w "ecu. stituted ones. Reconstituted samples showed
lower L* but higher a* and b* values. In agreeme ~t, changes in hue also indicates a shift toward red
values, which could be attributed to the th~rmc.’ release of anthocyanins mentioned earlier, as well as to

pigmented derivatives from dried car .. s . .ut modify de color.

3.4. Fourier-transform in.-area spectroscopy

The chemical stru...ve € " dividual components (MD, G and GA), the spray dried Hibiscus extract
(HE), and formulated pov..ers (HEMD, MDG2 and MDGAZ2) were examined by FT-IR. The infrared
spectra are shown in Figure 3.

MD spectrum showed typical bands of polysaccharides at 3270 cm™ (O-H stretching), 2900 cm!
(carboxylic C-H stretching), 1632 cm™ (C=0 stretching), 1350 cm™ (O-H bending) and 1150 cm, 1078
cmt and 990 cm attributable to C-O stretching and C-O-H bending in agreement with Mahdi et al. [5].
As previously reported, the G and GA spectrums were similar, evidencing a common chemical nature [1].
Gums showed a wide band, centered at 3300 cm™* (—OH stretching) and a band at 2930 cm™* (-CH

stretching) which were sharper in G. The bands at 1600 cm™and 1400 cm were attributed to -C=0
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asymmetrical and symmetrical stretching, respectively. Finally, the peak observed at 980 cm™in G and
1015 cmin GA was attributed to O-H bending [19].

HE showed a wide peak between 2900 and 3600 cm attributable to bonded -OH and typical bands at
2932, 1403, and 1059 cm™ due to ~CH, C-C and C-O groups, respectively [31]. According to Fragoso et
al. [32], bands observed between 1175 and 1400 cm* may correspond to phenolic compounds such as
anthocyanins and condensed tannins. Particularly, the bands at 1606 and 1185 cm™ may be assigned to
benzene ring, and C=C bonds of aromatic rings [33]. Finally, bands in the region between 1300 and 1460
cm® can be imputed to the presence of hydroxycinnamic acids [12].

Spray dried powders showed characteristic bands of conformational s. «icture of MD, G and GA
(Figure 3A), as indicated by points 1, 2, 3 and 4 in Figure 3A. Typical nana. of HE were also noticed in
formulated powders (points 5, 6, 7 and 8 in Figure 3B), indicating hat ti e extract was dispersed both in
the polymeric matrix and at the particles surface. Despite Hib*.~1s . xtract was the main component in all
spray dried powders, profiles of HEMD, MDG2 and MDGA? v. ~re quite different regarding HE. Band
displacements (point 9) and changes in the intensity ot o.ak (point 10) in the spectrum of powders
compared to HE were observed. Most of these i \ges dccurred in the range of 800 to 1150 cm™?,
corresponding to characteristic polysaccharides y. ~ups (C-O, C-O-C) [26], as well as in the range of 1130
to 1460 cm™2, related to phenolic compor'=-s | 2?2]. Present results confirmed that molecular interactions

between Hibiscus extract compounds .. 2. rier agents occurred.

3.5. Storage stability of I *hisciis powders

Figure 4 summari_e. *the Zl.anges in Total monomeric anthocyanins (Figure 4A), ABTS-* scavenging
activity (Figure 4B), Poly..eric color (Figure 4C) and Browning Index (Figure 4D) undergone in samples
after 60 days of storage both in dark and light conditions at 25 °C. Initial values are depicted with black
bars, while values for stored samples in darkness or light are depicted with dark or light gray,
respectively.

As shown in Figure 4A, the monomeric anthocyanins decreased with time for all systems. Light effect
and sample composition accounted for 44 and 42 % of the variation, indicating a significant impact on the
pigment loss (P<0.001). As expected, the samples stored in darkness (dark grey bars) exhibited higher
pigment protection [30]. In the darkness, the studied systems showed pigment losses from 5 to 6 %,

except for those containing G, which did not show significant differences. Light exposure intensified the
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losses of anthocyanins in all systems (light grey bars). This effect was more noticeable for HE and
MDGA (11 %) than for HEMD and samples containing G, for which pigment loss was about 8 %. As
shown, G contributed to a relative improvement in anthocyanin retention, and this was attributed to the
complex mixture of non-anthocyanin polyphenols present in the gum [2]. Phenolic compounds in P. alba
gum, despite their low proportion, could improve the anthocyanins’ stability by acting as co-pigments or
antioxidants. As reported, phenolic compounds form non-covalent complexes with the anthocyanins by
vertical stacking of zt-electron in the feed solution and survive the spray drying process [30]. Copigment-
anthocyanins complexes prevent the hydration of the flavilium moiety contributing to stabilizing the
pigment. Similarly, Weber et al. [30] investigating the potential of pheno.” * compounds as co-pigments,
observed an enhanced storage stability of a spray dried anthocyanin pc vder obtained from a blackberry
extract. In addition, phenolic compounds may also contribute to pi ‘men stability by reducing the
oxidative damage of anthocyanins. Thus, the antioxidant con.2*inc~ in G may report an additional
positive effect when this gum is used as a carrier agent.

Figure 4B shows how antioxidant activity of powd *r<, n 2asured in terms of ABTS scavenging
activity, also decreased significantly after store je. Thi. veduction was mainly influenced by powder
composition (72 % variation) than light exposure ‘3 % variation). Similar results were reported by
Jiménez-Aguilar et al. [25] who studied =~ in\ act of storage on spray dried blueberry extract at 25 °C
with/without light. The highest losses € ai.z.oxidant capacity was observed for HEMD (16 %) and
MDGAZ2 (14 %), followed by HE ‘8 %,. Samples containing G showed lower average losses, 5 % and 7
% for dark and light storage, . ~specuvely, which could indicate that G contribute to preserve the
antioxidant capacity of the abta ned powders.

Figure 4C depicts that P lymeric Color index (PC) changed in powders both by composition as well
as by light exposure (P<0.001). After storage in darkness, PC increased significantly for all samples
except for MDG1 and MDG2, which could indicate that low and intermediate concentrations of G
prevented the formation of polymeric-colored substances. Light exposure, augmented significantly the PC
in all samples, and this was more noticeable for samples containing G. PC was related to condensation
reactions of anthocyanins themselves, as well as with other phenolic compounds (flavan-3-ols,
polyflavan-3-ols, tannin, phenolic acids, etc.), or with non-phenolic (amino acids and proteins)
compounds [34]. The formation of colored derivatives involving anthocyanin degradation agreed with the

lowest retention of anthocyanin monomers observed in HE and MDGAZ2. In the case of samples
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containing G, the light-induced PC increase seems not to be strictly related to anthocyanin degradation.
Hence, further studies are needed to gain insight into the polymeric color increase mechanism in samples
containing G.

Finally, the Browning Index (BI), as indicative of pigment stability was analyzed and is shown in
Figure 4D. In all samples, the Bl increased after 60 days of storage, indicating that browning of powders
occurred [11]. Both, powder composition and light exposure, had a significant effect (P<0.001),
accounting for 31 % and 62 % of the total variance, respectively. HE showed the highest starting Bl
value, but after storage, the increase of Bl in darkness (27 %) and light (47 %), were comparatively lower
than for formulated samples. HEMD showed a sharp Bl increase regardle < of light/dark storage. In
samples containing G, the Bl increased by 37, 50 and 60 % as the G piHpon on increased, and this trend
was more evident by light exposure. MDGAZ2 showed similar Bl t¢ MD 52, both for dark and light
storage. The formation of brown color was related to the loss << an.>ocyanin monomers, which may

involve copigmentation of anthocyanins with other phenolic o..>nounds [11].

4, Conclusions and future directions

Prosopis alba exudate gum and maltodextrin « *abled to obtain low moisture, low water activity and
highly soluble rich-in-antioxidant pigme~.. ~owuers by spray drying of Hibiscus aqueous extract. Particles
containing high content of polyphenr.is >nu anthocyanins, showed better stability of antioxidant properties
in presence of G, even for 60 day. ~f sturage exposed to light and 25 °C. With these results, it is of
interest to study formulations . ‘ith igher proportion of G and conclude about its properties and
bioavailability. Result” of | vese 1t work encourage considering G as a feasible component of carrier
blends for spray drying rict -in-antioxidant aqueous pigments extracts. Such insights could be harnessed
to design functional ingredients with specific characteristics for sought applications in food,
pharmaceuticals, cosmetics, among other industries. The use of P. alba exudate gum at an industrial scale
would also have positive effects on local economies, not only by providing an alternative to currently

imported additives, but by adding value to a currently wasted or minimally used resource.
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FIGURE CAPTIONS

Fig. 1. Scanning electron microscopy (magnification x500, x1k, x2.5k) of spray dried powders of
Hibiscus extract (HE), Hibiscus extract containing maltodextrin (HEMD), maltodextrin and Prosopis alba

exudate gum (MDG2) or maltodextrin and gum arabic (MDGA2).

Fig. 2. Color cards illustrating the color of powders in dry or reconstituted form of Hibiscus extract (HE),
Hibiscus extract containing maltodextrin (HEMD), maltodextrin and Prosopis alba exudate gum (MDG)
or maltodextrin and gum arabic (MDGA). F-HE is the color of fresh extr:..* Colors displayed illustrate
the chromatic coordinates according to a free color converter software ‘http: ://www.nixsensor.com/free-

color-converter/).

Fig. 3. FT-IR spectra of individual maltodextrin (MD), Pros ;pis ~Iba exudate gum (G), gum arabic (GA),
Hibiscus extract (HE), and formulated powders Hibisc '« ex ract containing maltodextrin (HEMD),

maltodextrin and Prosopis alba exudate gum ('/1D 3) 0. maltodextrin and gum arabic (MDGA).

Fig. 4. Total monomeric anthocyanin (A}, ."B\ 3-* radical scavenging activity (B), Polymeric color (C),
and Browning Index (D) of spray dri-u ~owders of Hibiscus extract (HE), Hibiscus extract containing
maltodextrin (HEMD), maltodex..'n anu Prosopis alba exudate gum (MDG) or maltodextrin and gum
arabic (MDGA). Before (m) ai.? aft2r 60 days of storage in dark (m) or under light (m). The error bars

represent the measure 'nce-tair.y.
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Table 1

Most recent studies related to obtaining functional ingredients rich in antioxidants and pigments
from Hibiscus sabdariffa extracts (core) through drying or ionic gelation. AS: Achira starch, CA:
carrageenan, CMC: carboxymethyl cellulose, GA: gum arabic, GE: gelatin, MD:

maltodextrin, MG: mesquite gum, PE: pectin, RO: rapseed oil, WP: whey protein.

Studies on phenolic

Encapsulation Carrier _Stud|es .on compounds and Stability
physicochemical and .. . Ref.
method agents . antioxidant studies
structural properties .
properties
MD, PE, [27]
. GE, CMC,
Spray-drying WP, CA, v v x
GA
Spray-drying MD, GA v v x [4]
Spray-drying MD, GA v v x [6]
Spray-drying MG v v [l
Spray-drying AS v v x [13]
. . [12],
lonic gelation RO, PE, v Q v v [14]

V@ Included, x: Not Included.
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Table 2

Physicochemical properties of spray dried Hibiscus extract (HE), and formulated powders containing HE
and different proportions of maltodextrin (MD), Prosopis alba exudate gum (G), or arabic gum (GA): 100%
MD (HEMD), 95% MD 5% G (MDG1), 90% MD 10% G (MDG2), 85% MD 15% G (MDG3) and 90%
MD 10% GA (MDGA2).

HE HEMD  MDGI  MDG2  MDG3  MDGA2
Moo/ls;‘;re’ 5.88 + 0.53% 4.46 + 0.1654.64 + 0.115¢ 4.90 + 0.220 5.00 + 0.39> 4.10 + 0.22°
aw 0.25 + 0.005¢ 0.24 + 0.00¢ 0.24 + 0.00°¢0.26 + 0.00%° 0.27 + 0.00° 0.22 + 0.01¢
Hygrf/ic;sp'c'ty’ 26.5+0.02° 20.8+0.68° 20.7 + 0.35° 21.0 + 0.04521.5 + 0.535¢ 21.9 + 0.29b
Wettasb"'ty’ 4824289 276468 573+11°C 745+90°0 894 - 90° 274+ 10°
Solubility c d c b a ’
e s 95.2+1.11° 96.8+0.60° 95.3+0.25° 96.6+ 1.31° 973+ 0 )8 95.8 + 0.70
Mean diameter, um 96.1+33.2 26.9+13.7 344+193 248+129 17. +7.97 547+20.0
Sphericity factor 0.47 0.66 0.66 0.67 .68 0.66
Ts (°C), 46.4+0.71% 53.1+0.98> 52.9 + 0.16°°52.1 + 0.2 50.8 + 0.31° 52.6 + 0.10°
11% RH

Mean + SD values followed by different letters within the sarie , “w are significantly different according to
ANOVA at P<0.05. Maximum experimental uncertiir.y is estimated with + 0.01 in the measuring

conditions.
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Table 3

Bioactive compounds, antioxidant capacity and color attributes of freshly prepared extract (F-

HE), spray dried Hibiscus extract (HE), and formulated powders containing HE and maltodextrin

(MD), Prosopis alba exudate gum (G) or arabic gum (GA), at different proportions: 100% MD
(HEMD), 95%MD 5%G (MDG1) 90%MD 10%G (MDG2), 85%MD 15%G (MDG3) and
90%MD 10%GA (MDGAZ2). AEp: Total color difference for powder samples was calculated

taking HE as reference. AEs: Total color difference for reconstituted samples was calculated

taking F-HE as reference.

F-HE HE HEMD MDG1 MDG2 MDG3  MDGA2

Total polyphenols,
mg GAE/g HE ds.
Total anthocyanins.

mg cyanidin-3-O-glucoside /g HE ds.

TEAC,
mmol TE/ 100 g HE ds.
FRAP,
mg VCE/ 100 g HE ds.

222+1.2°40.6+1.1° 365+ 14> 344+0.3" 353_.7° 359+12° 352+0.7°
22+0.0°17.3+£0.2% 155+ 0.1 15.1+0.0° 155+, 7 154+0.2° 156+ 0.2°
155+0.7°28.0 £ 0.12 253+ 1.1° 24.1+0.6° .~ ?+0u.3° 23.7+0.7° 245+ 1.0°

22.3+1.2°440+0.8° 346+ 1.9° 354+°4° .2, +1.0° 354+1.2° 365+0.3°

Color Powder

L* - 53.6 £0.2° 57.3+0.1° 57 2+0..> 57.3+0.1° 57.4+0.1° 58.1+0.1%
a* - 25.2+0.3% 30.8+0.2° 30.5 = ~ 1°€30.5+0.1°° 30.3+0.2° 31.4+0.1°
b* - 10.8+0.1913.0+0.1° 12.8+0.0 © 12.7£0.0° 12.7+0.0° 13.2+0.1%
Hue - 23.2+£0.1722.8+( 17 22.8+0.1° 22.6 +0.19 22.7 +£0.1%¢22.8 + 0.1°¢
Chroma - 27.4+0.4°33.4 0 "° 37.0+£0.1°°33.0 £ 0.1°° 32.9+ 0.2° 34.1+0.1°
AEp - - 71.02° 68+01° 67+0.1° 66+0.1° 81+0.1°

Color Solution (1 % HE w/v)

L*

a*

b*

Hue
Chroma
AEs

456+0.1°38.6 £ ("7 4r.2+0.2° 41.0 £ 0.1%¢ 41.2+0.1° 40.7 £ 0.19 42.0+ 0.0
53.4+£0.065.6 £ 0.1° .~ 2 £ 0.0 66.3+0.0° 66.1+0.0° 65.7+0.0° 66.5+0.1%
51.1+0.1°66.. +0.3" 68.4 + 0.4° 69.8+0.1° 69.6 +0.4" 69.3 + 0.1°¢ 71.3 +£0.1°
43.7+0.0°45.2+ 1 "9 459+ 0.2° 46.5+0.2° 46.5+0.0° 47.0+0.1° 46.1+0.1°
73.9+0.1797.1-.723° 952+ 0.3 96.3+0.1° 96+0.3°¢ 95.5+0.1% 97.4 + 0.0*

- 2uf £(.29 22.2+0.3° 23.2+0.1° 22.9+0.4°°22.5 + 0.0°¢ 24.3 +0.0°

Mean + SD values followed by differ en. ‘=tters within the same row are significantly different according to

ANOVA at P<0.05. Maximum xpe: mental uncertainty is estimated with + 0.01 in the measuring

conditions.
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HIGHLIGHTS

e Prosopis alba exudate gum was used for spray drying Hibiscus sabdariffa extracts
e The studied gum affects the physicochemical and structural properties of powders
e Prosopis alba exudate gum behaves as carrier agent similar to arabic gum

e The studied gum preserves the chromatic and antioxidant characteristics of extracts
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